The study of sexual dimorphism is important clinically, in forensic anthropology and craniometry. Therefore this study was design to identify the sexual dimorphisms in cranial dimensions among three ethnic groups of North-Eastern Nigeria and to compare this study with other similar studies. Cranial length, width, height and circumference in Fulani, Tangale and Tera ethnic groups were linearly measured in a total of 300 (150 males and 150 females) 18-40 years old subjects. The result showed that all cranial dimensions among the three ethnic groups are higher in males than in females, except cranial width which is higher in Fulani (138.7±10.4mm) than in their male counterparts (136.8±10.6mm). The most prominent difference in cranial dimensions between the males and females among the three ethnic groups is in cranial length where males values are significantly higher than females values (p<0.005). Interestingly, the values of cranial width were found to fluctuate between males and females. Therefore, the findings from this study revealed that sexual dimorphism exists between Fulanis, Tangales and Teras of Gombe and based on comparison with other studies we postulate that the effect of gender on cranial width is not consistent. Furthermore, the study confirms the effect of ethnic and geographic difference on cranial dimensions.
INTRODUCTION
Sexual dimorphism is the difference best observed based on phenotype between males and females of the same species. Study of sexual dimorphism is important clinically, in forensic anthropology as well as in craniometry. Craniometry is a branch of anthropometry through which cranial dimensions can be estimated. The most important of craniometric dimension are height and width of head that they used in cephalic index determination (Vojdani et al. 2009 ). Cranial dimensions are not stable during earlier years of life due to further development such as the closure of anterior and posterior fontanel, but are stable over time (between 20-80 years) (Cotton et al., 2005) . In early life there is little difference between male and female skulls, in adulthood male skulls tend to be larger and more robust than female skulls, which are lighter and smaller, with a cranial capacity about 10 percent less than that of the male (Gray's Anatomy 1935). A well-marked male or female skull can easily be recognized as such, but in some cases the respective characteristics are so indistinct that the determination of the sex may be difficult or impossible. Several studies have documented various sexual dimorphisms related to craniometry (Maina et al. 2011; Raji et al. 2010; Vojdani et al. 2010; Golalipour et al. 2005) . Furthermore, ethnic, ecological, biological, geographical, racial, age and nutritional factors also affect cranial dimensions (Golalipour et al., 2003 , Rajlakshmi et al., 2001 , Radovic et al., 2000 , Tuli et al. 1995 and Okupe et al., 1984 making it difficult to identify the sex of a skull without knowledge of the population from which it came.
Cranial dimensions of newborns are not stable because cranial length, height and width increase as growth progress (Trenouth, 1991) , hence, this study was undertaken in adult males and females Fulani, Tangale and Tera to observe sexual dimorphism in their cranial dimensions and to compare this study with other similar studies.
MATERIALS AND METHODS
Subjects: This study was conducted on 18-40 years normal randomly selected Fulanis, Tangales and Teras of Gombe state region of North-Eastern Nigeria origin, from March to June 2011. Gombe State lies in the centre of the North-East geopolitical zone of Nigeria. It shares a common boundary with all the other states in the zone, namely, Adamawa, Bauchi, Borno, Taraba, and Yobe. A total of 300 subjects (150 males and 150 females) were used. Prior and informed consent was obtained from the subjects, and the study was carried out after obtaining clearance from the ethical committee of Federal Medical Centre Gombe, Nigeria.
Craniometric measurements: cranial measurements were taken after careful palpation with subjects in a relaxed condition with head in the anatomical position using standard anatomical landmarks (Lobo et al., 2005) . Using a spreading calliper three head measurements (cranial length, width and height) were measured, while cranial circumference was taken using measuring tape as described below:
-Cranial length (linear length from Glabella to Inion). -Cranial width (linear length between parietal eminences). -Cranial height (Length from nasion to Gnation) -Cranial circumference was taken as the length of the tape from a point slightly above the glabella, supercilliary arch and superior margin of the external acoustic meatus round via the inion and back to the point above the glabella. Statistical Analysis: Data obtained from the subjects were recorded on a recording sheet, and then transferred into SPSS 11.0 for analysis. The means obtained from this study were subjected to analyses of variance (ANOVA) for assessment of statistical significance and linearity with a probability level of less than 0.05 considered significant.
RESULTS
The findings from this study showed that all cranial dimensions among the three ethnic groups are higher in males than in females, except cranial width which is higher in Fulani females who presented with 138.7±10.4 mm than in their male counterparts who presented with 136.8±10.6 mm ( Table 1 & 2) . Inter ethnic comparison of cranial parameters in males and females showed various variations among the three tribes (Table 1& 2). (Table 1& 2). These differences that exist between males and females have been reported to be likely due to differences in genetic make-up and inheritance which manifest as sexual dimorphism (Oladipo et al., 2006; Oladipo et al., 2007; Daniel, 2002) . The sexual dimorphisms observed can also arise due the difference in the levels of testosterone between males and females, because testosterone brings about a direct increase in the size and mass of muscles and bones, and thus changes in the shape of the face (Osunwoke et al. 2011 ).
On the basis of ethnicity, no significant inter ethnic difference in the cranial dimension exists between all the ethnic groups. This could be because the main factor that differentiate the three ethnic groups is ethnicity, but they dwell in the same habitat, and share similar nutritional condition, interestingly, they migrated from the same region.
The mean cranial length, width, height and circumference were higher than in our study on the assessment of cranial capacity on north-eastern Nigerian population (Maina et al. 2011) , except in females where the mean cranial height and circumference from our previous study are higher than in this work (Table 3 & 4) . The mean cranial length and height in both males and females are higher than in our previous report on morphological evaluation of head and face shapes in a northeastern Nigerian population (Raji et al. 2010) , the mean cranial circumference however in this previous report is higher than in this study. The mean cranial length and height from this study are higher than those of Iranians reported in the work of Golalipour et al. 2005 in Turkman and Fars males and females; they are also higher than in Sri Lanka student's males and females (Ilayperuma 2010; Ilayperuma 2011) , except in Sri Lanka student's females where cranial height is higher than in the females of this study (Ilayperuma 2011) . The mean cranial length, width, height and circumference reported by Deshmukh and Devershi (2006) on Indian skulls were lower than those reported in this study. Cranial height from this study is also higher than those of Madhya Pradesh state of the India (Gohiya et al. 2010) . However, variations exist in the values of cranial width from this study and other similar studies as depicted in Table 3 & 4). These difference observed among different studies with this study further confirms the effect of ethnic/racial and geographical factors on cranial dimensions as reported in some studies (Golalipour & Heydari, 2004-5; Bayat & Ghanbari, 2010; Garba et al., 2008 , Okupe et al. 1984 . It also confirms the influence of climatic or dietary affiliation on craniofacial dimensions as reported by Buretic et al. (2007) who observed that Mediterranean diet was associated with higher head length and head circumference measures in females while Mediterranean climate was associated with higher and narrower faces in females.
These findings also revealed that mean cranial length in males and females are higher than in Ibibios of Nigeria (Oladipo et al., 2010a ) who had 19.06±0.77 cm and 18.80±0.77 cm in males and females respectively, but the mean cranial widths are lower than the Ibibio's, which were 15.20±0.71cm and 14.70±0.67 cm in males and females respectively. The cranial lengths are also higher than those of Gurung community of Nepal (Lobo et al. 2005 ) who presented with 180±0.85cm and 17.4±0.78 cm in males and females respectively, while the mean cranial width are lower than those of the Gurung community which were 14.9±0.83 and 14.7±0.60 in males and females respectively. The cranial circumferences from this study are also higher than in Omoku adult males and females who had 55.72±2.79 cm and 54.89±2.82 cm respectively (Oladipo et al. 2010b ).
Interestingly, dimensions like cranial length and height are usually higher in males than in females as demonstrated in many studies (Maina et al. 2011; Raji et al. 2010; Lobo et al., 2005 , Ilayperuma 2010 Gohiya et al. 2010) but, cranial widths are sometimes higher in females than in males and sometimes slightly higher in males than in females and sometimes the values are equal. Parson and Keene (1918) reported that the female skull is shorter in proportion to its breadth than is the male by 2% and that this difference is not fully accounted for by the greater development of the frontal sinuses in the male. Vojdani et al. 2009 reported higher cranial width in girls than in boys; Golalipour et al. (2005) also reported a higher cranial width in Fars female than in their male. Cranial width was only slightly higher in males than in females in our previous studies (Raji et al. 2010 and Maina et al. 2011) . While cranial width between males and females are almost equal in the work of Bayat and Ghanbari where females had 92.1±5.9 and males had 92.2±5.7. In this study, the mean cranial width was also higher in females (140.1±10.9 mm) than in males (139.8±8.9), thus this suggests that the effect of gender on cranial width is not consistent and confirms the findings that climatic features affect craniofacial traits in females, such as cranial breadth and head length in males (Buretic et al., 2007) . 
CONCLUSION
The findings from this study revealed that sexual dimorphism exists between Fulanis, Tangales and Teras of North-Eastern Nigeria and based on comparison with other studies we postulate that the effect of gender on cranial width is not consistent. Furthermore, the study confirms the effect of ethnic and geographic difference on cranial dimensions.
ACKNOWLEDGEMENT
We wish to record our appreciation to Aisha Umar Yaro, Abdulkadir Halliru, Hajara Isah Jibrin, Maisamari Chailau Abare, Maryam, the staffs and students of Gombe State University for their support and assistance during this study.
